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Poor glycemic control is associated with
m i c rovascular complications and, to a
lesser extent, with cardiovascular dis-

ease (CVD) in patients with diabetes (1–3).
These complications pro g ress more rapidly
in older individuals with diabetes than in

their younger counterp a rts for any given
d e g ree of hyperglycemia (4). The goal of
t reatment in type 2 diabetes should be
n e a r- n o rmal glycemia, which can pre v e n t
or slow the pro g ression of micro v a s c u l a r
complications (e.g., eye, kidney, and nerv e
damage) and improve CVD-associated
risk factors (e.g., hyperlipidemia, hyper-
tension, and hyperinsulinemia or insulin
resistance) (5,6).

American Indians have dispro p o r-
tionately high rates of diabetes and some
diabetes complications compared with the
general U.S. population (7,8). This study
attempted to systematically assess the
d e g ree of glycemic control and to identify
the factors related to control in this popu-
lation so that appropriate health measure s
can be instituted. The data are derived
f rom the Strong Heart Study, a longitudi-
nal study of 4,549 American Indians in
A r izona, Oklahoma, South Dakota, and
N o rth Dakota (9).

RESEARCH DESIGN AND 
M E T H O D S — The study design, sur-
vey methods, and laboratory techniques of
the Strong Heart Study have been re p o rt e d
p reviously (9,10). Briefly, the population
for the baseline Strong Heart Study
included American Indians aged 45–74
years from July 1989 to January 1992 who
w e re resident members of the following
tribes: the Akimel O’odham, Pee Posh, and
Tohono O’odham tribes of central Arizona
in the Gila River, Salt River, and Ak-Chin
communities; the seven tribes of south-
w e s t e rn Oklahoma (Apache, Caddo,
Comanche, Delaware, Fort Sill Apache,
Kiowa, and Wichita); the Oglala and
Cheyenne River Sioux in South Dakota;
and the Spirit Lake Tribe in the Fort To t t e n
a rea of North Dakota. The study pro t o c o l
was approved by the Indian Health Serv i c e
Institutional Review Board, by the institu-
tional review boards of the part i c i p a t i n g
institutions, and by the participating Amer-
ican Indian communities.

The baseline examination (1989–1992)
of the Strong Heart Study consisted of a per-
sonal interv i e w, physical examination, and
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Glycemic Control in Diabetic American
I n d i a n s
Longitudinal data from the Strong Heart Study

O R I G I N A L  A R T I C L E

O B J E C T I V E — To describe glycemic control and identify correlates of elevated HbA1 c l e v-
els in diabetic American Indians participating in the Strong Heart Study, which is a longitudi-
nal study of cardiovascular disease in American Indians in Arizona, Oklahoma, South Dakota,
and North Dakota.

RESEARCH DESIGN AND METHODS— This analysis is based on data from the base-
line (1989–1992) and first follow-up (1994–1995) examinations of the Strong Heart Study. The
1,581 diabetic participants included in this analysis were aged 45–74 years at baseline, were
diagnosed with diabetes before and at baseline, and had their HbA1 c levels measured at follow-
up. HbA1c was used as the index of glycemic control. Characteristics that may affect glycemic
c o n t rol were evaluated for cross-sectional and longitudinal relationships by analysis of covari-
ance and multiple re g re s s i o n .

R E S U LT S — T h e re was no significant diff e rence between median HbA1c at baseline (8.4%)
and at follow-up (8.5%). Sex, age (inversely), and insulin and oral hypoglycemic agent ther-
apy were significantly related to HbA1 c levels in both the cross-sectional and longitudinal analy-
ses. Current smoking, prior use of alcohol, and duration of diabetes were significant only for
the cross-sectional data. Baseline HbA1 c s i g n i ficantly and positively predicted HbA1 c levels at
follow-up. Comparison of HbA1 c by therapy type shows that insulin therapy produced a signifi-
cant decrease in HbA1 c between the baseline and follow-up examinations.

C O N C L U S I O N S — Glycemic control was poor among diabetic American Indians part i c-
ipating in the Strong Heart Study. Women, patients taking insulin or oral hypoglycemic agents,
and younger individuals had the worst control of all the participants. Baseline HbA1 c, and
weight loss predicted worsening of control, whereas insulin therapy predicted impro v e m e n t
in control. Additional therapies and/or approaches are needed to improve glycemic control in
this population.
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blood measurements (9,11). Follow-up
examinations were perf o rmed between
1994 and 1995. All survey methods and
p ro c e d u res were similar to those used at the
baseline examination.

P reviously diagnosed diabetes was
d e t e rmined if the participant was taking
insulin treatment, was taking oral hypogly-
cemic agents, or presented with a history of
diabetes during the interv i e w. World Health
O rganization criteria were used to diag-
nose diabetes at baseline and follow-up
examinations (12,13). Diabetes was diag-
nosed if the participant had either a fasting
blood glucose level $140 mg/dl or a 2-h
blood glucose level $200 mg/dl and no
h i s t o ry of diabetes according to a question-
n a i re. Individuals who were newly diag-
nosed with diabetes on the basis of an oral
glucose tolerance test perf o rmed during
the follow-up examination were not
included in the analyses.

The analysis was based on data fro m
p a rticipants who were diagnosed with dia-
betes before and at the baseline examina-
tion and whose HbA1 c was measured at the
follow-up examination. HbA1 c, the index
of glycemic control (dependent variable),
was determined for all participants at both
examinations by high-perf o rmance liquid
c h romatography (14). The principal inde-
pendent variables of interest were center
(Arizona, Oklahoma, and South/Nort h
Dakota), sex, diabetes duration, therapy
type, level of education, annual household
income, family size, American Indian her-
itage (determined by self-re p o rt), years
lived on a re s e rvation, fluency in the native
language, cigarette smoking, alcohol use,
o b e s i t y, waist circ u m f e rence, and physical
a c t i v i t y. Obesity criteria were appro x i-
mately the 85th and 95th percentiles for
men and women aged 20–29 years fro m
the Second National Health and Nutrition
Examination Survey (15).

The demographic characteristics of
the participants are presented as medi-
ans and ranges (for nonnormally distrib-
uted variables) or as numbers and
p e rcentages (for categorical variables).
D i ff e rences in HbA1c between baseline
and follow-up were compared by using
the paired Wi l c o x o n ’s rank-sum test.
Glycemic control, which was classified
a c c o rding to current American Diabetes
Association (ADA) guidelines as HbA1 c

levels ,6 (excellent), 6–6.9 (good [,7
is the goal for HbA1 c c o n t rol]), 7–7.9
(fair), and $8% (poor) (16), was com-
p a red by using the x2 test. Diff e rences by

c e n t e r, sex, age, and therapy type were
tested by using the x2 a p p ro x i m a t i o n .
Analysis of covariance (17) was per-
f o rmed for both the cro s s - s e ct i o n a l
(HbA1c and the independent variables all
collected at the follow-up examination)
and longitudinal (HbA1c measured at fol-
low-up related to variables collected at
the baseline examination) data for various
characteristics adjusted for center, sex,
age, and therapy type. Independent fac-
tors related to HbA1c were evaluated with
the use of stepwise multiple re g ression for
both the cross-sectional and longitudinal
data. Because HbA1c had a skewed distri-
bution, log-transformed values were used
in the analysis. Statistical significance was
defined as P , 0.05.

R E S U LT S — Of the 2,099 diabetic par-
ticipants at the baseline examination, 518
did not have an HbA1 c m e a s u rement at the
follow-up examination (either because
they had no follow-up examination, had a
follow-up examination but no sample
available for HbA1 c m e a s u rement, or were
deceased). Thus, the effective sample size
for this analysis is 1,581. Three main
demographic characteristics (center, sex,
and age) were compared between part i c i-
pants whose HbA1 c levels were measure d
and those whose HbA1 c levels were not
m e a s u red at the follow-up examination.

T h e re were no statistical diff e rences for
center and age, and fewer men had a fol-
low-up measurement than women (69 vs.
79%, respectively) (P , 0 . 0 0 1 ) .

Almost half of the 1,581 diabetic par-
ticipants were from Arizona, and more
than two-thirds were women (Table 1).
The median age was 60 years (range
49–78), and the median duration of dia-
betes was 11.3 years. Modes of therapy at
follow-up were insulin (33%), oral hypo-
glycemic agents (37%), insulin combined
with oral hypoglycemic agents (4%), and
diet alone (26%). Oral hypoglycemic
agents used during the baseline and first
follow-up examinations were the various
types of sulfonylureas on the market at
that time. Median HbA1c did not differ
s i g n i ficantly between baseline and follow-
up for participants diagnosed with dia-
betes before baseline (9.1 vs. 9.0%) but
d i ff e red significantly for participants diag-
nosed with diabetes at baseline (5.9 vs.
6.6%).

American Indians in Arizona had
s i g n i ficantly higher median HbA1 c l e v e l s
(P , 0.01) than participants at the other
centers (Table 2). Women had poorer con-
t rol than men, and HbA1 c levels were
inversely correlated with age. Patients tak-
ing insulin and/or oral hypoglycemic agents
had poorer control and higher HbA1 c l e v e l s
than patients who used diet alone.

Table 1—Demographic characteristics of participants: the Strong Heart Study

C h a r a c t e r i s t i c s B a s e l i n e F o l l o w - u p

Center (n) 1 , 5 8 1 1 , 5 8 1
A r i z o n a 765 (48) 765 (48)
O k l a h o m a 420 (27) 420 (27)
South Dakota and North Dakota 396 (25) 396 (25)

Sex (n)
F 1,061 (67) 1,061 (67)
M 520 (33) 520 (33)

Age (years) 56 (45–74) 60 (49–78)
H b A1 c ( % ) *

Diagnosed before baseline† 9.1 (3.1–17.9) 9.0 (3.5–19.7)
Diagnosed at baseline‡ 5.9 (4.0–14.8) 6.6 (4.0–19.1)
To t a l † 8.4 (3.0-17.9) 8.5 (3.5–19.7)

Duration of diabetes (years)§ 7.0 (0–55) 11.3 (1.2–57.7)
Therapy type

I n s u l i n 394 (25) 520 (33)
Oral hypoglycemic agents 633 (40) 588 (37)
Insulin and oral hypoglycemic agents 20 (1) 60 (4)
D i e t 534 (34) 413 (26)

Data are medians (ranges) or n (%). *A total of 94 participants with missing value for baseline HbA1 c; †P . 0 . 0 5
for comparison of HbA1 c between baseline and follow-up; ‡P , 0.01 for comparison of HbA1 c between base-
line and follow-up; §P , 0.001 for comparison of HbA1 c between baseline and follow-up.
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Relationships between the diff e re n t
variables and HbA1 c levels (adjusted for
c e n t e r, sex, age, and therapy type) were
evaluated for cross-sectional associations
by using data in the follow-up examination
and were evaluated as predictors fro m
baseline to follow-up (Table 3). For the
c ross-sectional data, family size, years on a
re s e rvation, cigarette smoking, obesity
(inversely), and duration of diabetes were
s i g n i ficantly correlated with HbA1 c, but
only family size, years on a re s e rv a t i o n ,
weight loss (inversely), and baseline HbA1 c

s i g n i ficantly predicted follow-up HbA1 c.
The variables listed in Table 3, along

with center, sex, age, and therapy type,
w e re entered into the stepwise multiple
re g ression models to identify signific a n t
c ross-sectional and longitudinal influ e n c-
ing factors (Table 4). Sex, age (inversely),
and oral hypoglycemic agent and insulin
therapy were significantly related to high
H b A1 c levels in both the cross-sectional and
longitudinal data. Current smoking, prior
use of alcohol, BMI (inversely), and dura-
tion of diabetes were significant only for the
c ross-sectional data. Baseline HbA1 c a n d
weight loss were significantly and posi-
tively associated with follow-up HbA1 c l e v-
els (P , 0 . 0 0 1 ) .

We further compared HbA1 c levels at
baseline and follow-up by therapy type.
H b A1 c levels for patients who re c e i v e d

insulin treatment decreased significantly at
follow-up (median 9.8 vs. 9.3%, baseline
vs. follow-up) (P , 0.001); however,
H b A1 c levels for patients taking oral hypo-
glycemic agents (8.6 vs. 9.1%) (P , 0 . 0 5 )
and using diet alone (5.9 vs. 6.1%) (P ,
0.01) significantly incre a s e d .

C O N C L U S I O N S — This is the fir s t
systematic analysis of glycemic control in a
diverse group of American Indians in which
the data collection methods and measure s
of HbA1c w e re identical for all groups of par-
ticipants, which thereby allowed between-
g roup comparisons. The data show that
glycemic control was poor for the diabetic
p a rticipants in all three geographical are a s
and exceeded the ADA guidelines, which
suggest an HbA1 c goal of ,7% (16). A high
p ro p o rtion of individuals in all centers, both
sexes, and all age-groups had HbA1 c l e v e l s
.8%. There was a higher rate of diabetes in
Arizona (7), and glycemic control was
somewhat worse in the Arizona communi-
ties, but the geographical diff e rences were
not statistically signific a n t .

T h e re were more women than men in
our analysis. This re flects the higher death
rates from CVD and accidents in men (18)
and the higher prevalence of diabetes in
women (7). Glycemic control, which was
a s c e rtained by higher HbA1 c levels, was
worse in women than in men. This sex dif-

f e rence was consistent both in the cro s s -
sectional and longitudinal data. This is
somewhat surprising because women are
generally more inclined to seek health care
and to comply with treatment re g i m e n s
than men (19,20). Several factors may pre-
dispose diabetic women to difficulty with
glycemic control. First, American Indian
women with diabetes are more obese than
men and may be more insulin resistant or
have poorer pancreatic function. In addi-
tion, diabetes is known to affect women
m o re adversely in several ways, including
c o n f e rring a greater risk for CVD and exac-
erbating CVD risk factors (21).

Age was negatively correlated with
H b A1 c, and this relationship most likely
re flects compliance with treatment. Several
studies have shown that compliance with
medical care increases with age (22–25),
and better metabolic control is stro n g l y
associated with compliance with scheduled
appointments as shown in other popula-
tions (26). No data on the frequency of
compliance with medical care are available
for this group. The rapid changes in the
lifestyle of American Indians in each suc-
cessive generation are accompanied by
concomitant increases in risk factors for
diabetes such as obesity and lack of physi-
cal activity (27–29). The poorer glycemic
c o n t rol in younger individuals may also
re flect these changes.

In well-controlled clinical trials, weight
loss has been shown to have a signific a n t
e ffect on improving glycemic contro l
(30–32). In our observational sample,
h o w e v e r, weight loss was positively re l a t e d
to HbA1 c level. The fact that BMI was neg-
atively correlated with HbA1c in the cro s s -
sectional and longitudinal analyses most
likely re flects weight loss from urinary glu-
cose excretion that accompanies poor
glycemic control in diabetes. This same
disease process previously has been identi-
fied as leading to poor glycemic contro l
(33,34). Weight loss has been shown to
i m p rove glycemic control in diabetic Amer-
ican Indians (35), and studies are needed to
clearly define the extent that weight loss
due to lifestyle changes versus hyperg l y-
cemia may affect glycemic control in Amer-
ican Indian populations.

Patients who were treated with insulin
and oral hypoglycemic agents had signifi-
cantly higher levels of HbA1 c c o m p a re d
with patients treated with diet alone. This
phenomenon has been observed in several
studies (26,36,37) and may re flect the
common clinical practice of placing

Table 2—Glycemic control status by center, sex, age-group, and therapy type

H b A1 c ( % )

,6 6 – 6 . 9 7 – 7 . 9 $8 Median (range)

C e n t e r
A r i z o n a 110 (14) 96 (13) 106 (14) 453 (59) 8.9 (3.5–16.1)
O k l a h o m a 79 (19) 60 (14) 73 (17) 208 (50) 8.0 (4.0–19.3)
South and North Dakota 74 (18) 55 (14) 58 (15) 209 (53) 8.3 (3.9–19.7)
P 0 . 0 5 ,0 . 0 1

S e x
F 156 (15) 143 (13) 155 (15) 607 (57) 8.7 (3.6–19.7)
M 107 (21) 68 (13) 82 (16) 263 (51) 8.1 (3.5–17.6)
P ,0 . 0 5 ,0 . 0 1

A g e - g roup (years)
4 9 – 5 8 113 (16) 71 (10) 86 (12) 447 (62) 9.0 (3.5–16.1)
5 9 – 6 8 86 (15) 79 (14) 96 (16) 316 (55) 8.4 (3.9–19.3)
6 9 – 7 8 64 (23) 61 (21) 55 (19) 107 (37) 7.4 (3.6–19.7)
P ,0 . 0 1 ,0 . 0 0 1

Therapy type
I n s u l i n * 29 (5) 57 (10) 87 (15) 407 (70) 9.3 (3.9–19.1)
Oral hypoglycemic agents 65 (11) 78 (13) 102 (18) 343 (58) 8.7 (3.5–19.7)
D i e t 169 (41) 76 (18) 48 (12) 120 (29) 6.4 (3.6–14.8)
P ,0 . 0 1 ,0 . 0 0 1

Data are medians (ranges) or n (%). *Includes insulin combined with oral agents.
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patients who have poor control on more
a g g ressive therapies (26). Although insulin
and oral hypoglycemic agent therapies
w e re related to higher HbA1 c levels than
diet alone, longitudinal analysis showed
that insulin-treated patients had a signifi-
cant decrease in HbA1 c levels over time.
C o n v e r s e l y, significant increases in HbA1 c

levels were seen in patients treated with
both oral hypoglycemic agents and diet
t h e r a p y. These findings suggest that insulin
therapy may be most effective in impro v i n g
glycemic control in this population. If
glycemic control remains poor with nonin-
sulin therapies, insulin use should be con-
s i d e red. Although the pro p o rtion of
diabetic patients taking insulin as a sole
therapeutic agent increased signific a n t l y
f rom 25% at baseline to 33% at the 4-year
follow-up, the pro p o rtion of patients taking
insulin was still lower in this population
than the pro p o rtion of diabetic persons
taking insulin in other populations (38).

C i g a rette smoking, alcohol use, and
duration of diabetes were significant posi-
tive correlates of HbA1 c levels in the cro s s -
sectional data but were not signific a n t
p redictors in the longitudinal data when
using multiple re g ression analysis (Table 4).
One cross-sectional study showed that
smoking was associated with poore r
glycemic control in patients with type 1
diabetes (39); another study indicated that
number of cigarettes smoked per day
s i g n i ficantly and positively correlated with
H b A1 c levels in nondiabetic men (40).
Smoking has also been related to diabetes
complications (39,41–43), and smoking
cessation has been shown to lower HbA1 c

levels (44) and increase HDL cholestero l
levels (45). For these and other re a s o n s ,
diabetic patients should not smoke. Lim-
ited information is available re g a rding alco-
hol use and HbA1 c; two studies of type 1
diabetes had contradictory results when
comparing HbA1 c levels and alcohol con-
sumption (46,47). Because it pre d i s p o s e s
diabetic individuals to the development of
n e u ropathy (48,49) and may lead to hypo-
glycemic reactions (50), alcohol use also
should be discouraged in populations with
a high prevalence of diabetes.

Duration of diabetes was related to
worsening glycemic control in the cro s s - s e c-
tional data. This may be because of declining
insulin secretion and increasing insulin re s i s-
tance as the disease pro g resses. In the longi-
tudinal data, diabetes duration was not
independently related to HbA1 c, but the
e ffect of diabetes duration may be re fle c t e d

Table 3—Mean values of HbA1 c by diff e rent characteristics, adjusted for center, sex, age, and
therapy type

C ross-sectional data Longitudinal data

C h a r a c t e r i s t i c s n M e a n P n M e a n P

Education (years)*
,8 4 2 5 8.2 (7.9–8.4) N S 4 2 5 8.2 (7.9–8.4) N S
8 – 1 2 8 1 9 8.3 (8.1–8.5) 8 1 9 8.3 (8.1–8.5)
.1 2 3 3 1 8.2 (8.0–8.5) 3 3 1 8.2 (8.0–8.5)

Family size*
,5 childre n 7 7 4 8.1 (7.9–8.3) ,0 . 0 5 7 7 4 8.1 (7.9–8.3) ,0 . 0 5
$5 childre n 7 9 2 8.4 (8.2–8.6) 7 9 2 8.4 (8.2–8.6)

Annual household income ($)
,5 , 0 0 0 4 6 3 8.2 (8.0–8.5) N S 4 4 7 8.1 (7.8–8.3) N S
5 , 0 0 0 – 1 0 , 0 0 0 2 7 8 8.4 (8.1–8.7) 2 6 1 8.4 (8.1–8.7)
$1 0 , 0 0 0 4 3 3 8.3 (8.1–8.6) 4 8 7 8.2 (8.0–8.4)

American Indian heritage (%)*#
,7 5 1 5 8 7.9 (7.6–8.3) N S 1 5 8 7.9 (7.6–8.3) N S
7 5 – 9 9 1 3 9 8.5 (8.1–8.9) 1 3 9 8.5 (8.1–8.9)
1 0 0 1 , 2 8 4 8.3 (8.1–8.4) 1 , 2 8 4 8.3 (8.1–8.4)

Years on re s e rv a t i o n *
,4 0 3 2 1 8.0 (7.7–8.2) ,0 . 0 5 3 2 1 8.0 (7.7–8.2) ,0 . 0 5
$4 0 1 , 2 5 7 8.3 (8.1–8.5) 1 , 2 5 7 8.3 (8.1–8.5)

Native language spoken*
F l u e n t l y 1 , 0 2 3 8.3 (8.1–8.5) N S 1 , 0 2 3 8.3 (8.1–8.5) N S
Not flu e n t l y 2 9 6 8.2 (7.9–8.5) 2 9 6 8.2 (7.9–8.5)
Never spoken 2 6 2 8.1 (7.8–8.4) 2 6 2 8.1 (7.8–8.4)

C i g a rette smoking
Never smoked 5 1 1 8.0 (7.8–8.3) ,0 . 0 1 5 9 3 8.2 (7.9–8.4) N S
F o rmer smoker 6 6 6 8.2 (8.0–8.4) 5 9 6 8.1 (7.9–8.4)
C u rrent smoker 3 5 5 8.6 (8.3–8.8) 3 9 1 8.5 (8.2–8.7)

Alcohol use
Never used 3 0 0 8.1 (7.8–8.4) N S 3 0 5 8.2 (7.9–8.5) N S
F o rmer user 8 4 4 8.4 (8.2–8.6) 7 3 1 8.4 (8.2–8.6)
C u rrent user 4 1 6 8.1 (7.9–8.3) 5 4 5 8.1 (7.9–8.3)

O b e s i t y †
N o rmal weight 3 8 1 8.5 (8.2–8.8) ,0 . 0 5 3 2 5 8.4 (8.1–8.7) N S
O v e rw e i g h t 4 6 9 8.2 (8.0–8.4) 4 7 6 8.1 (7.9–8.4)
O b e s e 7 2 2 8.1 (7.9–8.3) 7 7 1 8.2 (8.0–8.4)

Waist circ u m f e rence (cm)‡
,1 0 0 3 7 0 8.4 (8.1–8.7) N S 3 7 0 8.2 (8.0–8.5) N S
1 0 0 – 1 1 7 8 2 4 8.2 (8.0–8.4) 8 2 1 8.3 (8.1–8.5)
$1 1 8 3 7 3 8.1 (7.8–8.4) 3 8 5 8.1 (7.9–8.4)

Weight loss (kg)‡§
,3 — — — 3 9 1 8.0 (7.7–8.2) ,0 . 0 1
3 – 5 — — — 7 7 9 8.3 (8.1–8.5)
$5 — — — 3 9 3 8.4 (8.2–8.7)

Duration of diabetes (years)
.1 0 7 9 2 8.7 (8.5–8.9) ,0 . 0 0 1 6 1 2 8.5 (8.3–8.7) N S
#1 0 6 4 1 8.2 (8.0–8.4) 5 6 4 8.5 (8.2–8.7)

Baseline HbA1 c ( % )
,6 — — — 2 6 7 6.7 (6.5–7.0) ,0 . 0 0 1
6 – 6 . 9 — — — 2 1 5 8.0 (7.7–8.2)
7 – 7 . 9 — — — 2 0 2 7.9 (7.6–8.2)
$8 — — — 8 0 3 9.0 (8.8–9.2)

Physical activity in past year¶
Ye s — — — 4 3 3 8.4 (8.0–8.6) N S
N o — — — 1 , 0 0 6 8.2 (8.0–8.4)

Physical activity in past week¶
Ye s — — — 3 3 2 8.5 (8.2–8.7) N S
N o — — — 1 , 1 0 2 8.2 (8.0–8.4)

Data are geometric means (95% CIs). Geometric means are re p o rted because the HbA1 c values are log-norm a l .
The means are considerably higher when patients newly diagnosed with diabetes at baseline are excluded (see
Table 1). *Unchangeable variable at baseline and follow-up examinations; #self-re p o rted; †normal weight, BMI
,27.8 for men and ,27.3 for women; overweight, BMI 27.8–31.09 for men and 27.3–32.29 for women; obese,
BMI $31.1 for men and $32.3 for women; ‡25 and 75% quartiles as cutoff points; §baseline weight minus
follow-up weight; ¶leisure physical activity not measured in the follow-up examination.
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by other variables such as baseline HbA1 c.
Because duration of diabetes was self-
re p o rted in the examinations, re p o rting bias
may limit the analysis of the association.
F u rt h e rm o re, because HbA1 c levels re fle c t
the severity of diabetes, baseline HbA1 c w a s
not surprisingly a significant predictor of
poor glycemic contro l .

The socioeconomic and lifestyle vari-
ables re flected by level of education, fam-
ily size, annual household income,
American Indian heritage, years on a
re s e rvation, and fluency in the native lan-
guage were not significantly related to
glycemic control in multiple regression
analysis in either the cross-sectional or
longitudinal analysis, although some uni-
variate relationships were seen. The
e ffects of socioeconomic and lifestyle vari-
ables on glycemic control may depend on
health beliefs and compliance with med-
ical care. Lack of major diff e rences in
health beliefs and level of compliance
among participants with different socioe-
conomic and traditional lifestyle variables
may limit the effect of these variables on
glycemic control.

Although many re p o rts indicate that
individuals with type 2 diabetes who exer-
cise regularly have decreased HbA1 c or glu-
cose levels (31,32,51), physical activity was
not significantly related to HbA1 c levels in
our data. However, this study is limited by
the use of self-re p o rted physical activity
data and by low activity levels in almost all
p a rticipants (52). Physical activity levels
w e re similarly low in men and women and

thus could not explain the sex diff e re n c e
re g a rding glycemic contro l .

The variables included in the multiple
re g ression models only accounted for a
small pro p o rtion of the variance in HbA1 c

(R2 = 0.21 for the cross-sectional data, R2 =
0.29 for the longitudinal data) (Table 4).
Multiple re g ression coefficients were small
for several variables; because of the larg e
sample size, these variables were thus sta-
tistically but not clinically signific a n t .
I m p o rtant factors that were not measure d
in this study, such as compliance with tre a t-
ment and self-management activities that
may influence glycemic control, must be
the principal determinants of control in
this population.

Our study demonstrates that glycemic
c o n t rol is poor in diabetic American Indi-
ans in the Strong Heart Study. The longi-
tudinal data, based on a 4-year follow-up,
indicate that sex (women vs. men), age
(inversely), therapy type (insulin and oral
hypoglycemic agents vs. diet), baseline
H b A1 c, and weight loss (positively) were
s i g n i ficant and independent predictors of
high levels of HbA1 c. The study also sug-
gests that insulin is the therapy most likely
to improve glycemic control. However,
this study was conducted before the
advent of several newer agents for
glycemic control that have been shown to
have various metabolic actions. The eff e c t s
of these newer agents on glycemic contro l
in American Indians will be evaluated in
the next Strong Heart Study follow-up
e x a m i n a t i o n .

A c k n o w l e d g m e n t s — This study was sup-
p o rted by cooperative agreement grants (U01-
HL-41642, U01-HL-41652, and UL01-HL-
41654) from the National Heart, Lung, and
Blood Institute.

The authors acknowledge the assistance and
cooperation of the Ak-Chin, Tohono O’od-
ham/Akimel O’odham, Apache, Caddo,
Cheyenne River Sioux, Comanche, Delaware ,
Spirit Lake Tribe, Fort Sill Apache, Gila River
Akimel O’odham/Pee Posh, Kiowa, Oglala
Sioux, Salt River Akimel O’odham/Pee Posh,
and Wichita Indian communities, without
whose support this study would not have been
possible. The authors also thank the Indian
Health Service hospitals and clinics at each cen-
ter and Betty Jarvis, Tauqeer Ali, and Alan Craw-
f o rd, directors of the Strong Heart Study clinics,
and their staff members. In addition, the authors
thank Ellen Shair for editing the manuscript.

R e f e re n c e s
1 . Hanssen KF: Blood glucose control and

m i c rovascular and macrovascular compli-
cations in diabetes. D i a b e t e s 46 (Suppl. 2 ) :
S101–S103, 1997

2 . Nathan DM, Siebert C, Genuth S: DCCT:
design, outcomes and implications. I D F
B u l l 395:5–10, 1994

3 . Laakso M: Glycemic control and the risk for
c o ro n a ry heart disease in patients with non-
insulin-dependent diabetes mellitus: the
Finnish studies. Ann Intern Med 1 2 4 : 1 2 7 –
130, 1996

4 . Bohannon NJ, Jack DB: Type II diabetes:
tips for managing your older patients. G e r i -
a t r i c s 51:28–35, 1996

5 . H e n ry RR, Genuth S: Forum one: curre n t
recommendations about intensification of
metabolic control in non-insulin-depen-
dent diabetes mellitus. Ann Intern Med 1 2 4 :
175–177, 1996

6 . Cefalu WT: Treatment of type II diabetes:
what options have been added to tradi-
tional methods? Postgrad Med 9 9 : 1 0 9 – 1 1 9 ,
122, 1996

7 . Lee ET, Howard BV, Savage PJ, Cowan LD,
Fabsitz RR, Oopik AJ, Yeh JL, Go O, Rob-
bins DC, Welty TK: Diabetes and impaire d
glucose tolerance in three American Indian
populations aged 45–74 years. D i a b e t e s
C a re 18:599–610, 1995

8 . National Diabetes Data Group: Diabetes in
A m e r i c a. 2nd ed. Washington, DC, U.S.
Govt. Printing Office, 1995 (NIH publ. no.
95-1468), p. 1–782

9 . Lee ET, Welty TK, Fabsitz RR, Cowan LD,
Le NA, Oopik AJ, Cucchiara AJ, Savage PJ,
H o w a rd BV: The Strong Heart Study: a
study of cardiovascular disease in American
Indians: design and methods. Am J Epi -
d e m i o l 132:1141–1155, 1990

1 0 . H o w a rd BV, Welty TK, Fabsitz RR, Cowan

Table 4—Stepwise multiple re g ression analysis for influencing factors of HbA1 c

C ross-sectional data (R2 = 0.21) Longitudinal data (R2 = 0.29)

Va r i a b l e s C o e ff i c i e n t S E P C o e ff i c i e n t S E P

Sex (F vs. M) 0 . 0 6 9 5 0 . 0 1 6 4 ,0 . 0 0 1 0 . 0 3 5 6 0 . 0 1 6 4 ,0 . 0 5
Age (years) 20 . 0 0 6 5 0 . 0 0 1 ,0 . 0 0 1 20 . 0 0 4 4 0 . 0 0 1 ,0 . 0 0 1
C i g a rette smoking (current 0 . 0 5 7 7 0 . 0 1 8 3 ,0 . 0 1 — — —
smoker vs. never)

Alcohol use (former user vs. 0 . 0 4 0 9 0 . 0 1 5 4 ,0 . 0 1 — — —
n e v e r )

BMI (kg/m2) 20 . 0 0 3 8 0 . 0 0 1 3 ,0 . 0 1 — — —
Therapy type

Oral hypoglycemic agents 0 . 1 7 7 6 0 . 0 2 ,0 . 0 0 1 0 . 1 3 9 6 0 . 0 2 ,0 . 0 0 1
vs. diet

Insulin* vs. diet 0 . 2 0 9 8 0 . 0 2 2 1 ,. 0 0 1 0 . 1 7 8 9 0 . 0 2 1 8 ,0 . 0 0 1
Duration of diabetes (.10 0 . 0 8 2 8 0 . 0 1 7 2 ,0 . 0 0 1
vs. #10 years)

Baseline HbA1 c ( % ) — — — 0 . 0 4 1 1 0 . 0 0 3 5 ,0 . 0 0 1
Weight loss (kg)† — — — 0 . 0 0 4 9 0 . 0 0 1 1 ,0 . 0 0 1

L o g - t r a n s f o rmed values were used in the analysis. *Including insulin combined with oral hypoglycemic agents;
†baseline weight minus follow-up weight.



DIABETES CARE, VOLUME 22, NUMBER 11, NOVEMBER 1999 1807

Hu and Associates

LD, Oopik AJ, Le NA, Yeh JL, Savage PJ,
Lee ET: Risk factors for coro n a ry heart dis-
ease in diabetic and nondiabetic Native
Americans: the Strong Heart Study. D i a b e t e s
41 (Suppl. 2):S4–S11, 1992

1 1 . H o w a rd BV, Lee ET, Fabsitz RR, Robbins
DC, Yeh JL, Cowan LD, Welty TK: Diabetes
and coro n a ry heart disease in American
Indians: the Strong Heart Study. D i a b e t e s 4 5
(Suppl. 3):S6–S13, 1996

1 2 . World Health Organization: WHO Expert
Committee on Diabetes Mellitus: Second
R e p o rt. Geneva, World Health Org., 1980
( Tech. Rep. Ser., no. 646)

1 3 . World Health Organization: Diabetes Melli -
tus: Report of a WHO Study Gro u p. Geneva,
World Health Org., 1985 (Tech. Rep. Ser. ,
no. 727)

1 4 . Little RR, England JD, Wiedmeyer HM,
McKenzie EM, Mitra R, Erh a rt PM, Durh a m
JB, Goldstein DE: Interlaboratory standard-
ization of glycated hemoglobin determ i n a-
tions. Clin Chem 32:358–360, 1986

1 5 . Najjar MF, Rowland M: Anthro p o m e t r i c
re f e rence data and prevalence of over-
weight, United States, 1976–80. Vi t a l
Health Stat 11:1–73, 1987

1 6 . American Diabetes Association: Standards of
medical care for patients with diabetes mel-
litus. Diabetes Care 22 (Suppl. 1):S32–S41,
1 9 9 9

1 7 . Walker GA: Common Statistical Methods for
Clinical Research With SAS Examples. San
Diego, CA, Collins-We l l e s l e y, 1996

1 8 . Lee ET, Cowan LD, Welty TK, Sievers M,
H o w a rd JM, Oopik A, Wang W, Yeh J, Dev-
e reux RB, Rhoades ER, Fabsitz RR, Go O,
H o w a rd BV: All-cause mortality and car-
diovascular disease mortality in thre e
American Indian populations, aged 45–74
years, 1984–1988: the Strong Heart Study.
Am J Epidemiol 147:995–1008, 1998

1 9 . F u rnham A, Kirkcaldy B: Age and sex dif-
f e rences in health beliefs and behaviours.
Psychol Rep 80:63–66, 1997

2 0 . Amsten JH, Gelfand JM, Singer DE: Determ i-
nants of compliance with anticoagulation: a
c a s e - c o n t rol study.Am J Med 103:11–17, 1997

2 1 . H o w a rd BV, Cowan LD, Go O, Welty TK,
Robbins DC, Lee ET: Adverse effects on
multiple cardiovascular disease risk fac-
tors in women with diabetes: the Stro n g
H e a rt Study. Diabetes Care 2 1 : 1 2 5 8 – 1 2 6 4 ,
1 9 9 8

2 2 . C u rtin RB, Svarstad BL, Andress D, Keller
T, Sacksteder P: Diff e rences in older versus
younger hemodialysis patients’ noncom-
pliance with oral medications. G e r i a t r
N e p h rol Uro l 7:35–44, 1997

2 3 . Monane M, Bohn RL, Gurwitz JH, Glynn RJ,
Levin R, Av o rn J: Compliance with antihy-
p e rtensive therapy among elderly Medicaid
e n rollees: the roles of age, gender, and race.
Am J Public Health 86:1805–1808, 1996

2 4 . Novaes AB, Novaes AB Jr, Moraes N, Cam-
pos GM, Grisi MF: Compliance with sup-
p o rtive periodontal therapy. J Periodontol

67:213–216, 1996
2 5 . M u rray MJ, LeBlanc CH: Clinic follow-up

f rom the emergency department: do patients
show up? Ann Emerg Med 27:56–58, 1996

2 6 . O’Connor PJ, Fragneto R, Coulehan J,
C r a b t ree BF: Metabolic control in non-
insulin-dependent diabetes mellitus: fac-
tors associated with patient outcomes.
Diabetes Care 10:697–701, 1987

2 7 . Price RA, Charles MA, Pettitt DJ, Knowler
WC: Obesity in Pima Indians: large incre a s e
among post-World War II birth cohort s .
Am J Phys Anthro p o l 92:473–497, 1993

2 8 . Thouez JP, Rannou A, Foggin P: The other
face of development: native population,
health status and indicators of malnutri-
tion: the case of the Cree and Inuit of nort h-
e rn Quebec. Soc Sci Med 29:965–974, 1989

2 9 . L e o n a rd B, Leonard C, Wilson R: Zuni Dia-
betes Pro j e c t. Public Health Rep 1 0 1 : 2 8 2 –
288, 1996

3 0 . Lehmann R, Kaplan V, Bingisser R, Bloch
KE, Spinas GA: Impact of physical activity
on cardiovascular risk factors in IDDM.
Diabetes Care 20:1603–1611, 1997

3 1 . Agurs-Collins TD, Kumanyika SK, Te n
Have TR, Adams-Campbell LL: A random-
ized controlled trial of weight re d u c t i o n
and exercise for diabetes management in
older African-American subjects. D i a b e t e s
C a re 20:1503–1511, 1997

3 2 . Health GW, Wilson RH, Smith J, Leonard
BE: Community-based exercise and weight
c o n t rol: diabetes risk reduction and
glycemic control in Zuni Indians. Am J Clin
N u t r 53 (Suppl.):1642S–1646S, 1991

3 3 . S c h o ff SM, Klein R, Moss SE, Klein BE,
C ruickshanks KJ: Weight change and
glycemic control in a population-based sam-
ple of adults with older-onset diabetes. 
J Gerontol A Biol Sci Med Sci 5 3 : M 2 7 – M 3 2 ,
1 9 9 8

3 4 . Knowler WC, Pettitt DJ, Saad MF, Charles
MA, Nelson RG, Howard BV, Bogardus C,
Bennett PH: Obesity in the Pima Indians:
its magnitude and relationship with dia-
betes. Am J Clin Nutr 53 (Suppl.):1543S–
1551S, 1991

3 5 . Savage PJ, Bennion LJ, Flock EV, Nag-
ulesparan M, Mott DM, Roth J, Unger RH,
Bennett PH: Diet-induced improvement of
a b n o rmalities in insulin and glucagon
s e c retion and in insulin receptor binding in
diabetes mellitus. J Clin Endocrinol Metab
48:999–1007, 1979

3 6 . Gill GV, Hardy KJ, Patrick AW, Masterson A:
Random blood glucose estimation in type 2
diabetes: does it re flect overall glycaemic
c o n t rol? Diabet Med 11:705–708, 1994

3 7 . Blaum CS, Velez L, Hiss RG, Halter JB:
Characteristics related to poor glycemic
c o n t rol in NIDDM patients in community
practice. Diabetes Care 20:7–11, 1997

3 8 . Klein R, Klein BE, Moss SE, Cru i c k s h a n k s
KJ: The medical management of hyperg l y-
cemia over a 10-year period in people with
diabetes. Diabetes Care 19:744–750, 1996

3 9 . C h a t u rvedi N, Stephenson JM, Fuller JH:
The relationship between smoking and
m i c rovascular complications in the EURO-
DIAB IDDM Complications Study. D i a b e t e s
C a re 18:785–792, 1995

4 0 . Kawakami N, Araki S, Ohtsu H, Hayashi T,
Masumoto T, Yokoyama K: Effects of mood
status, smoking and urinary catecholamine
e x c retion on hemoglobin A1 c in male Japan-
ese workers. Ind Health 33:153–162, 1995

4 1 . Matsumoto K, Miyake S, Yano M, Ueki Y,
Yamaguchi Y, Akazawa S, Tominaga Y:
Insulin resistance and art e r i o s c l e rosis oblit-
erans in patients with NIDDM. D i a b e t e s
C a re 20:1738–1743, 1997

4 2 . B runo G, Carallo-Perin P, Barg e ro G, Borr a
M, Calvi V, D’Errico N, Deambrogio P,
Pagono G: Prevalence and risk factors for
m i c ro- and macroalbuminuria in an Italian
population-based cohort of NIDDM sub-
jects. Diabetes Care 19:43–47, 1996

4 3 . Biesenbach G, Zazgornik J: Influence of
smoking on the survival rate of diabetic
patients requiring hemodialysis. D i a b e t e s
C a re 19:625–628, 1996

4 4 . S o e b e rg B, Jakobsen HB: The effect of
ephedrine plus caffeine on smoking cessa-
tion and postcessation weight gain. C l i n
P h a rmacol Ther 60:679–686, 1996

4 5 . Nilsson P, Lundgren H, Soderstrom M,
F a g e r s t rom KO, Nilsson-Ehle P: Effects of
smoking cessation on insulin and card i o-
vascular risk factors: a controlled study of 4
months’ duration. J Intern Med 2 4 0 : 1 8 9 –
194, 1996

4 6 . Shimakawa T, Wa rram JH, Herre r a - A c e n a
MG, Krolewski AS: Usual dietary intake
and hemoglobin A1 level in patients with
insulin-dependent diabetes. J Am Diet Assoc
93:1409–1415, 1993

4 7 . Peveler RC, Davies BA, Mayou RA, Fairburn
CG, Mann JI: Self-care behaviour and blood
glucose control in young adults with type 1
diabetes mellitus. Diabet Med 1 0 : 7 4 – 8 0 ,
1 9 9 3

4 8 . B resater LE, Welin L, Romanus B: Foot
pathology and risk factors for diabetic foot
disease in elderly men. Diabetes Res Clin
P r a c t 32:103–109, 1996

4 9 . Stensel V, Forsberg RC, Smith DG: Risk
factors for diabetic peripheral sensory neu-
ropathy: results of the Seattle Pro s p e c t i v e
Diabetic Foot Study. Diabetes Care 2 0 :
1162–1167, 1997

5 0 . Gibson EM, Tingen MS: Nursing care for
diabetic patients with alcohol-induced hypo-
glycemia. J Emerg Nurs 24:165–168, 1998

5 1 . Eriksson J, Taimela S, Eriksson K, Parv i-
ainen S, Peltonen J, Kujala U: Resistance
training in the treatment of non-insulin-
dependent diabetes mellitus. Int J Sport s
M e d 18:242–246, 1997

5 2 . Yu rgalevitch SM, Kriska AM, Welty TK, Go
O, Robbins DC, Howard BV: Physical activ-
ity and lipids and lipoproteins in American
Indians ages 45–74: the Strong Heart Study.
Med Sci Sports Exerc 30:543–549, 1998


